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Introduction

Abstract
Basement membranes generally appear in transmission electron microscopy as thin, cross-sectioned
profiles.
Face-views
are difficult to obtain particularly when their contours are curved or undulated.
Such preparations
are suited for the study of the
distribution
of basement
membrane
constituents
through thickness
but are limited for examining their
spatial distribution.
Scanning electron microscopy
offers the potential of visualizing
surface views.
We
have applied this approach to examining the threedimensional distribution
of glycoconjugates
in a basement membrane.
Large, face-views of the basal lamina related to maturation
ameloblasts in the region
where enamel of the rat incisor
is EDTA soluble
were exposed.
Glycoconjugates
were then revealed
by incubating the segments in lectin-gold
complexes
and binding sites were visualized by backscattered
electron
imaging.
This basal lamina was found to
contain fucose, mannose and to be extremely rich in
N-acetyl-D-galactosamine.
The abundance of glycoconjugates
containing
the latter sugar residue may
impart on this basal lamina selective properties
which
could regulate
the movement of material into, and
out of, the enamel layer.
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Presecretory
ameloblasts are separated from the
underlying
mesenchyme,
or from odontoblasts
and
predentin,
by a basement membrane which is destroyed just prior to when these cells start to secrete large amounts of enamel proteins which accumulate extracellularly
(Kallenbach, 1971; Warshawsky
and Smith, 1974; Slavkin and Bringas, 1976; Ruch et
al., 1983).
At the end of the secretory
phase of
amelogenesis,
the cells reform a basal lamina-like
structure
which remains
interposed
between
the
apices of ameloblast and the enamel surface throughout the maturation phase of amelogenesis
( Kurahashi
and Moe, 1969; Kallenbach,
1970; Weinstock,
1970;
Takano, 1979).
This structure
has been shown by
radioautography
to contain
fucose and galactose
(Weinstock, 1970) and cytochemical
studies revealed
the presence of N-acetyl-D-galactosamine,
N -acetylglucosamine and/or N-acetyl-neuraminic
acid (Nanci
et al., 1987a), glycoproteins
containing
sialic acid,
acid mucopolysaccharides,
carbohydrates
that bind
Con A and a collagenous component (Takano, 1979).
The collagenous component was identified
by immunocytochemistry
as collagen type IV ( Nanci et al.,
1987).
Lectin-gold
cytochemistry
has been applied to
characterize
glycoconjugates
of basement membranes
such as the one found in the glomerulus
of the
kidney (Roth et al., 1983).
In this technique,
the
lectin binding sites are revealed by electron opaque
gold particles which can be prepared in a variety of
sizes ranging from 3 nm to 40 nm (Roth et al., 1983;
Bendayan, 1984). Gold particles can also be visualized by scanning electron microscopy
(SEM) using
the backscattered
mode.
This method offers the
distinct
advantage
of being able to correlate
3dimensional
organization
with the cytochemical
or
immunocytochemical
localizations
(De Harven and
Soligo, 1986).
The purpose of our study was to
exploit this approach to characterize
the distribution
of glycoconjugates
in a basal lamina by developing a
method for preparing
segments
of enamel organ
which expose
a face-view
of the basal lamina
associated
with
maturation
ameloblasts.
The
segments were labelled with lectin-gold
complexes
and visualized
by backscattered
electron
imaging
(BEI).
The labelling
was confirmed
by postembedding
lectin
cytochemistry
on sections
of
Lowicryl embedded specimens.
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Materials
Tissue

and Methods

Preparation
Six male W1star rats weighing 100 ± 10 g were
anaesthetized
with chloral hydrate
(40 mg/100 g;
Fisher Chemicals,
Montreal,
Canada).
They were
perfused
through
the left ventricle
with lactated
Ringer's solution for approximately
30 seconds, followed by 1% or 2% glutaraldehyde
in 0.08 M sodium
cacodylate buffer containing 0.05% CaCl2, pH 7 .4, for
10-20 minutes.
The mandibles were removed and
further fixed by immersion in the same fixative for 3
hours at 4°C.
They were washed in O.08 M sodium
cacodylate buffer, pH 7 .4, containing 4% sucrose, decalcified in 4 .13 EDTA (ethylenedinitrilo-tetraacetic
acid
disodium
salt)
for
18-21
days
at 40c
(Warshawsky and Moore, 1967) and then extensively
washed in O.1 M cacodylate buffer supplemented with
4% sucrose.
Tissue Sampling
For post-embedding
cytochemistry,
cross-sectional segments
of the incisor
were made in the
maturation region using reference lines extrapolated
from the first and second molars ( Smith et al., 1987).
These segments were split along their length, dehydrated in methanol and embedded in Lowicryl K4M
( Bendayan,
1984; Bendayan et al., 1987).
For pre-embedding
cytochemistry,
intact enamel
organs were removed from the labial surfaces
of
mandibular incisors by microdissection
under a stereoscopic light microscope.
These enamel organ "caps"
were obtained by first making a releasing cut from
mesial to lateral sides along a reference
line extrapolated from the first molar (Smith et al., 1987).
Additional releasing cuts were then made in an incisal dir·ection along the mesial and lateral sides of the
enamel organ to the gingival margin.
The enamel
organ caps were lifted by gently grasping the specimens with fine forceps along the bony ridge present
near the apical releasing cut, and pulling them slowly
in an incisal direction
toward the gingival margin.
The specimens were placed in an inverted position on
a wax plate, and split into halves or quarters
with
double edged razor blades.
Some mandibles at different stages of cap preparation
were post-fixed
in
2% aqueous osmium tetroxide
for 3 hours at room
temperature,
dehydrated
in acetone, critical
point
dried as described below, coated with gold and examined with a JSM-840 scanning microscope.
The remaining tissues were processed for BEi as described
below. All dissections
were done freehand in a petri
dish immersed in an ice bath, and the tissues were
kept moist with ice-cold cacodylate washing buffer.
Lectin-gold
Complexes
Lectm -gold and horseradish
peroxidase
( HRP) gold complexes
were prepared
according
to Roth
(1983) using gold particles approximately
14-16, 20-25
and 35-40 nm in size. The lectins ( Sigma Chemicals,
St. Louis, MO) examined
included
Helix pomatia
(HPL) (10-20 µg/ml 0.01 M phosphate buffered saline
[PBS]), Ulex europeus I (UEA) (20-40 µg/ml PBS),
and Concanavalin
(Con A) (20-40 µg/ml PBS), with
specificity
for the sugars N-acetyl-D-galactosamine,
a-L-fucose
and a-D-mannose,
respectively.
HPL and
UEA were directly coupled to gold while Con A was
indirectly
revealed by horseradish
peroxidase
(20-40
µg/ml) coupled to gold.
Lectin Cytochemistry
Post-embeddmg.
Sections of maturation amelo-
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blasts were prepared
and mounted on nickel Formvar-carbon
coated grids.
The grid-mounted
sections
were floated on a drop of HPL-gold or UEA-gold for
1 hour (direct
method), or Con A for 60 minutes,
washed with PBS, followed by HRP-gold (indirect
method) for 30 minutes,
all at room temperature.
For double labelling, the grids were first incubated
with UEA-40 nm gold, washed with PBS and finally
with Con A-HRP-20 nm gold.
For control, the sections were incubated with the lectin -gold complexes
(or the lectin in the case of Con A) mixed in a 1:1
proportion
with a O. 4 M solution of their respective
specific
sugar.
The grids were then washed with
PBS followed by distilled
water, stained with 4%
aqueous uranyl acetate and lead citrate, and observed
with a Philips 410 electron microscope operated at 80
kV.
Pre-embedding.
Enamel organ caps were incubated m HPL-gold or UEA-gold for 1 hour, or Con A
for 30 minutes, washed with PBS, followed by HRPgold for 30 minutes at room temperature.
For double
labelling, they were incubated first with UEA-40 nm
gold followed by Con A-HRP 20 nm gold. All specimens were washed in PBS, further fixed for 1 hour
at room temperature,
with 5% glutaraldehyde
in 0.06
M sodium cacodylate
buffer containing
O. 05 % CaCl2,
pH 7 .4, and processed
for backscattered
electron
imaging.
Backscattered
Electron Imaging
Labelled enamel organ caps were dehydrated
in
graded acetone and dried in carbon dioxide using a
Balzers CPD 020 critical point drier.
The specimens
were mounted on aluminum stubs using conductive
carbon paint and coated with carbon on a planetary
rotating stage using a Balzers MED 010 high vacuum
evaporator.
The specimens
were examined with a
JSM-840 SEM equipped with an LaB6 filament and an
annular-type
semiconductor
element BE I detector.
The microscope was operated at 15 kV, at a working
distance of 8 mm, and an average current intensity
of 1 x 10-10 amps for the secondary mode, and of 6
x 10-10 amps for the backscattered
mode.
Normal
signal polarity was used for both modes.

Fig. 1. Cross-section
of a segment of the mandible,
fixed with 2 .5 % glutaraldehyde,
embedded in Epon
and stained
with toluidine
blue, from the region
where enamel organ caps are taken.
In this region
the enamel matrix is soluble in EDTA, leaving a
space (*),
and exposing the basal lamina (arrowheads).
M, mesial cut; L, lateral cut; EO, Enamel
organ. Bar= 200 µm.
Fig. 2. SE M illustrations
of the technique used on
the mandible (a) to prepare the enamel organ caps
(b) containing the basal lamina (BL) associated with
maturation ameloblasts.
An apical releasing cut (Ap)
is first made from mesial (M) to lateral (L) sides.
Other releasing cuts are then made in an incisal direction along the mesial and lateral sides of the enamel organ to the gingival margin (gm). Bar = 1 mm.

Fig. 3. This figure shows a face view of the basal
lamina as seen in enamel organ caps prepared
for
conventional
SEM. The basal lamina usually appears
as a uniform layer (solid arrow), however, sometimes
there are regions where it is disrupted
and it outlines the ameloblasts below (open arrow).
Bar = 5
µm.
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Fig. 4. BEi of a side view of an enamel organ cap
labelled with HPL-gold (14-16 nm).
In the normal
signal polarity, the gold appears as white particles.
The basal lamina (arrows) covers the apical surface
of the arneloblasts (a) and is intensely labelled with
gold particles indicating the presence of glycoconjugates containing N -acetyl - D-galactosarnine.
Bar = 1
urn. The inset shows a high power of the distribution of HPL-binding
sites as seen from a face view
of the basal lamina.
Bar = 100 nm.
Fig. 5. In sections of Lowicryl embedded enamel organs incubated with HPL-gold, the basal lamina (BL)
appears as an intensely labelled, continuous layer at
the apex of the arneloblasts
(A).
The enamel also
contains HPL-binding sites. The inset shows a significant reduction in labelling under control conditions.
Bar = 0.25 µrn.
Results

and Discussion

The present work reports a method for preparing segments of enamel organ which exposed a face
view of the basal lamina associated
with maturation
arneloblasts (Figs. 1-3), and the application
of backscattered
electron imaging and lectin gold cytochemistry for visualizing
the three-dimensional
distribution of its glycoconjugates.
In the maturation zone of the rat incisor, there
is a region where the enamel is completely soluble in
EDTA (Fig. 1) (Nanci et al., 1987b).
Hence, intact
enamel organs removed from these areas and carefully inverted show the entire basal lamina covering the
apices of the arneloblasts (Figs. 2a,b).
In transmission electron microscopy (Fig. 5), and often in con ventional
scanning
electron
microscopy,
this basal
lamina appears as a uniform structure
(Fig. 3). However, in non-osrnicated
specimens prepared for BEi, it
appears stretched,
thinned and sometimes disrupted
in areas overlying
intercellular
spaces.
In these
cases,
the basal lamina consists
of focal patches
outlining the arneloblasts (Fig .6). This appears to be
an artefact that probably arises through mechanical
damage during dissection,
shrinkage
during drying
and I or physical distortion during examination under
the electron beam.
Furthermore,
some arneloblasts
(smooth-ended
type) possess wide intercellular
spaces
and are not held together by extensive apical junctional complexes.
This probably favors stretching
of
the basal lamina between cells in these areas ( Sasaki
et al., 1983).
BEi of lectin-binding
sites on the basal lamina
related to maturation
arneloblasts reveals the presence of several sugar groups including N-acetyl-Dgalactosarnine
(Fig. 4), a.-D-rnannose (Fig. 6) and aL-fucose (Fig. 8).
While fucose and rnannose residues are present
in seemingly small amounts, this
basal lamina appears to be especially rich in N-acetyl-D-galactosarnine
(Fig. 4) (Nanci et al., 1987a).
This finding differs from studies by other workers
which have shown no HPL-binding
sites on the glornerular basement membrane (Roth et al., 1983) and
may reflect a functional
specialization
of the basal
lamina related
to the secretion
and resorption
of
enamel proteins.
The labelling observed in BEi was confirmed by
post-embedding
lectin cytochemistry
on section (Figs.
5, 7a, 9a, 11) . Control sections (Figs. 5 inset, 7b,
9b) exposed to the lectins in the presence of their

respective
sugars, generally
showed a reduction
in
labelling (the reduction
was least for Con A), thus
confirming the specificity
of the binding.
On sections, specific
lectin-binding
sites were also seen
over enamel and cell apex (Figs. 5, 7a, 9a, 11).
Since the possibility
of residual enamel matrix after
decalcification
cannot be ruled out in every single
preparation,
some of the labelling
over the basal
lamina could be related to enamel. This was partially controlled by using post-embedding
labelling which
allows examination of binding sites across the entire
thickness of the basal lamina. Furthermore,
irnrnunocytochernical
studies have shown little enamel matrix
in regions just prior to when enamel becomes EDTA
soluble (Nanci et al., 1987b)
The results of this study show that BEi can be
successfully
applied to visualizing
glycoconjugates
across large 3-dirnensional
regions of a basal lamina
sue h as that found in enamel organs from the maturation region.
Although cytochernical
labelling is
limited to the surface, the face-view and large surface area obtained (as compared to the thin crosssectional profiles generally seen in transmission
electron microscopy)
permit visualization
of variation in
labelled components,
and double labelling (Fig. 10a)
can be used to examine how various components relate to one another.
Furthermore,
pre-embedding
incubation increases
the chance of detecting
binding
sites that can be denatured or masked by the embedding procedures.
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Fig. 10. This figure illustrates
double-labelling
of
the basal lamina with Con-A-HRP-gold
(20-25 nm),
(solid arrows) and UEA-gold (35-40 nm) (open arrows) as seen from a face-view in BEL Two distinct
sizes of gold particles
can be resolved, thus allowing
one to examine how various
components
relate to
one another.
For double labelling,
areas where large
and small gold particles
are in the same plane of
focus are examined.
Bar = 0.25 µm.
Fig 11.
Illustration
of double-labelling
on section
using Con A-HRP and UEA-gold.
Labelling with both
small (solid arrows) and large (open arrows) particles
is seen over the basal lamina (BL), the enamel ( E)
and the ameloblast apex (A). Clumps of small particles, which in BEI could be mistaken for large particles, are infrequent.
Bar = 0.25 µm.
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Authors:
Little biochemical data exist on the composition of the basal lamina related
to maturation
ameloblasts.
However, radioautographic
and cytochemical studies have shown the presence of fucose
and galactose
(Weinstock,
1970) and carbohydrates
that bind Con A (Takano, 1979).

S.H. Ashrafi:
What is the advantage
of using
Low1cryl K4M embedding medium over other media?
Authors:
Consistent
lectin binding
was obtained
usmg Lowicryl while Epoxy resins generally produced
no binding.
However, even Lowicryl can sometimes
mask binding sites, particularly
on cell surfaces (see
Bendayan et al., 1987)

J. Beesley:
What effect does EDTA have on the
basal lamma?
Authors:
EDTA has been used to separate unfixed
dental epithelium from mesenchyme at the basement
membrane (Ruch et al., 1983). Although EDTA could
conceivably
alter or extract components of the basal
lamina, such effects would be minimized since decalcification
was performed on fixed tissues.

S.H. Ashrafi:
Do lectin-binding
sites on the basal
lamina of smooth-ended
maturative ameloblasts differ
from ruffle-ended
ameloblasts?
Authors:
We have not yet compared systematically
the labelling pattern over smooth-ended
versus ruffle-ended
ameloblasts.
The BEi face-view approach
should allow us to adequately address this question.

J. Beesley:
Gold probes of 20-25 nm are large for
post embedding immunocytochemistry
and are known
to give weak labelling.
Could the labelling
be
increased
by use of smaller, e.g. 10 nm probes?
Authors:
Yes, the labelling can be increased using
smaller gold particles.
However, 10 nm particles
would approach
the limit of resolution
in the BEi
mode and thus be unsuitable
as a routine probe.

B. Persky:
Are there other controls,
especially for
the md1rect method used for the Con A lectin that
could be done to unequivocally
demonstrate
specificity of the lectins?
Authors:
The most common control is competitive
mh1b1hon with the specific
sugar.
Other controls
can be performed including incubation with specific
glycosidases
or excess unconjugated
lectins prior to
incubation with the lectin-gold
complex.
In the case
of the indirect
method with Con A, tissue sections
can be treated with HRP-gold alone.
With this control we obtain weak labelling similar to that seen in
presence of the specific sugar (for details see Roth,

J. Beesley:
What precautions
have been taken to
ensure that the "large" probes are not clusters
of
"small" probes?
Authors:
To avoid the possibility
of confusing
clumps of small gold particles
for large size probes,
we have used transmission
electron microscopy where
the individual
gold particles
in clumps can be resolved. As judged by transmission electron microscopy clumps of particles
are infrequent.

1983).

P. Versura:
Among the several possibilities
that
lectm
cytochemistry
offers
for the detection
of
glycosidic
residues,
why did the authors choose Con
A, I-IPL and UEA? Was there any basis for this from
biochemical or other types of studies?
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